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ABSTRACT 

A first' order critical tracking to* li evaluated for Its potential to discriminate between 
sober ond Intoxicated performances. Mean differences between predrink and postdrlnk per- 
formances os a function of SAC ore analyzed. Quontlfleotlon of the results shows that 
intoxicated failure rotes of 50% for blood oleonal concentrations (BAG) ot or above 
0.1%, ond 75% for BACs a. • :«ve 0. 14%, can be attained with no sober failure rotes. 

A High initial rote of learning Is observed, perhaps due to the very nature of the task 
whereby the operator it olwoyt pushed to his limit, ond the scores approach a stable 
asymptote after approximately 50 trials. Finally, the Implementation of the task at on 
ignition Interlock system In the automobile environment is discussed. It is painted out 
that lower critical performance limits are anticipated far the mechonized automotive units 
because of the Introduction of larger hardware ond neuromuscular lags. Whether such 
degradation In performance would reduce the effectiveness of the device or not will be 
determined In o continuing program involving a broader based temple of the driving 
population and performance correlations with both BACs ond driving proficiency. 
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I INTRODUCTION 


Ms. 

It hot become common knowledge that alcohol It Involved in the majority of traffic fatalities 
(Or (2)*, ond that coma I ties In terms of both human lives and material losses hove reached 
phenomenal levels * Consequently, General Motors has been actively pursuing means of 
ollevfotlng the problem through on alcohol counts rmeoturet program. 

Several technological approaches to the "driving while Intoxicated" problem were discussed 
In Reference 3, having for common objectives the Identification of the Intoxicated driver 
through performance or chemical (breath) tests (4), (5). Two philosophies were distinguished: 
one where the Identification process takes place prior to driving by a test,* behavioral or 
chemical /-of short duration, and the other Involving the continuous monitoring of driver 
performance. The latter approach could Involve worning mechanisms (e.g., hazard flashers), 
end the predriving test could involve the actual Inhibition of the vehicle's storting through 
Ignition Interlocks. 

A discussion of some of the drawbacks ond advantages of the above approaches Is In order. 

In the case of direct SAC measurement. It Is well accept^ that greot individual variability 
In capabilities exists at equal BAG; ond, although It is well established that os blood alcohol 
concentration rises boslc performance capabilities deteriorate, the relationship between 
BAC and driving performance Is not a perfect one. It is, for Instance, often argued that 
experienced drinkers ora less Impaired than Inexperienced drinkers at lower blocd olcchol 

# Numbers in parentheses designate References at end of paper. 



concenrrotionsjond, thot indeed, large indivlduol differences do exist In tolerance to alcohol. 
On the other hand driving is a behavioral tosh, and a behcvforal testing procedure seems, 
therefore, mop- logical than a chemical one for examining on individual's current ability to 
drive. This would be true even if alcohol were the only agent or condition that produced 
temporary driving impairment. It is not, of course, and to devise automotic chemical means 
of detecting other possible agents or any large subset of them has major technical drawbacks. 

In the case of a predriving performance test/however, the Intoxicated driver might on some 
occasions be able to "poll himself together" sufficiently to pass the predriving test even 
though his blood alcohol level exceeds legol limits and though his driving capability It 
impaired to the poinr o f gravely increasing his probability of involvement in an accident. 

The time involved for the absorption ond rm rabolism of alcohol ond the resulting delay In its 
effects on driving performance also deter from this approach. In oodl/ion, the Implicit 
assumption that the performance task will be degraded by alcohol consumption In a similar 
fashion to driver performance must be justified. Nevertheless, an interlock system Is designed 
not to keep people from drinking, but to keep them from driving when their abilities are Im- 
paired to the extent that their risk of having an accident is greatly increased. 

Indeed, no predriving behavioral or psychomotor test provides the utopian system that could 
continuously monitor driving performance ond bring the vehicle to a safe halt when performoncr 
impairment is detected (6). While it is believed necessary to devote efforts towards gaining 
a better understanding of the perceptual, decision, ond motor response processes that comprise 
the driving task, and towards establishing quantitative means of assessing them on a 
-onMnuous and passive monitoring basis, it is felt that the predriving identification 
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of the unfit Individual and temporary Inhibition of his vehicle from storting by virtu# of 
an Interlock system promise more Immediate benefits. Indeed, a recently completed 
Accident Cousotlon Study at General Motors showed that on effective behavioral pre- 
driving task would be one of the highest payoff accident countermeasures available. 
Although General Motors hot put more emphasis on this type of countermeasure, we ore 
olso pursuing the alternative approaches mentioned, namely, those based on breath test 
and on the continuous monitoring of driver performance. 
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for*, performonee on the predriving totk should bo corrolotod with driving ability, the main 
variable of interest. Consequently, Hit collection of such data would ollow on# fo compore 
legal restrictions sought by many stoles, namely, having o cutoff for driving according to BAC 
(o.g., patting oil bolow 0. 10%) with having a porformoneo chock implying that ono whu It 
too Intoxicated to poii should not be driving o 

B* Operotlonol Modes 

Thoro exist two dittlnct phllotophiot in selecting the dotign or tot* parameters for any behovioral 
fatk to be uted at on alcohol interlock. One opprocch colli for universal thresholds, thot it, 
fixed porometert for the entire driving „r notation; the other ollowt for the Individuolieotion 
of the test porumeten for eoeh subject . The trodeoff here is primorily between cost ond 
effectiveness . 

It is cleor thot union interlocks ore to be directed only to o selected few offenders, individual 1 ^ 
iiotion on a universal basil would be eottly ond complicated, since the baseline performance 
of eoch driver would hove to be esfobllthed. In most Instonces, however, the effectivenesi 
of the teit Is greotly enhanced by Indlvlduollrotlon^ince the variability In performance 
between subjects is eliminated. 



Hi A CRITICAL tracking TASK (CTT) 
AS AN ALCOHOL INTERLOCK SYSTEM 


TH* CTT dev Lt as implemented In rr ' automotive er-ifO«m*o» (?) utilize, existing systems 
on the cor; name' , the strm*fa a a few. I - *• s meter mounted on the instrument pc mel (the 
meter use could be sh-red with other systems, 'h us fuel meosurement). The test consist, 
of steering to keep the needle within o bounded . eo, just os on would steer Ms cor on o 
bounded rood . Figure 1 ‘how-, the current experimet- system. 

The test resembles somewhat the steering of o cor o . « livery surface, such a, ice, while 
the toeed of the cor gradually Increases (without the driver's control). It involves controlling 
on unstable system which groduoliy becomes more unstable (8). If control is successfully 
maintained , a to o oresef level of instability U ,).!••«!"■ “™ to 9y of driving on ice up 
tc e certain <oeed, a green light comes on and the car can be started. If the needle waver, 
outside of the designated area, c red light comes an end the starter is immobilized. In this 
event he may be allowed cnditianol trials. That is, whether the threshold value , V is 
reached or not determines whether the triol is a success or a failure . if W" •*»» fh * 
Initial value far the unstable mode, t ^ ond£, con be selected to limit the duration of 
the test to approximately 10 seconds. The development and characterization of "critical 
tasks" ore well documented in the literoture (8), (9),ond (10). 
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A. Subjects 

Seventy-six subjects (47 moles and 29 females) ranging in age from 1 / to 65 participated in 
the study. The subjects were part of a larger study on the effects of alcohol conducted at 
Beaumont Hospital under General Motors sponsorship. 

In order to avoid any potential complications from the ingestion of alcohol, the volunteers 
were selected by medical personnel at Beoumont following o study of their medical history. 

Those under medication, which if combined with alcohol could prove harmful, and those with 
diabetes or past liver problems, etc., were eliminated from the studies. 

B. Test Protocols 

All training and testing were conducted at the hospital on a first order Critical Tracking Task 
mechanized with an oscilloscope display. The room provided by the hospital was located in 
a nonmedical building of the hospital complex. During the training and test sessions the 
room was furnished and arranged to provide on informal, nonclinicol setting. 

The score, or value of Kat which control was lost, was indicated to the subject at the end of 
each trial by the location of the line on the face of the oscilloscope. The score was read directly 
off *he markings on the oscilloscope and reset to the center po *tion for the next trial. 

During the training and test period the subjects could rest briefly between each triol ai their 
discretion, and they controlled the start of each trial. 


Two sessions were used for training on the Critical Tracking Task. In Session 1 the subject was 
first familiarized with the equipment and the nature of the tosk. Following +ils the subject 
was given 30 trials on the task, and the scores were recorded. Two weeks later the subject 
returned for the second session. Session 2 consi' >d of 20 additional training trials, followed 
by alcohol consumption ond 10 test triols. Toble I illustrates the overoll Testing Mon. 

During Session I, subjects were given training on the CTT on an individual basis. In order 
to provide o more socicl, Informal setting, four subjects participated together in the training 
and test phase during Session 2. 

The schedule for Session 2 was as follows: Upon arrival each subject was given a Breatholyzer 

test, followed by 20 trials on the CTT. Next, the subject received four dr'nks, evenly spaced, 
in an 80-minute period. Following a 40-minute interval after the last drint:, the subject was 
given 10 test trials on the CTT. A breatholyzer test to determine BAC leve' wos then given, 
and a blood sample was token. 

C. Administration of Alcohol 

One-hundred-proof vodko mixed with either orange juice or tomoto juice was used in the study. 

The total volume of vodko administered to each subject wos based on the subject's body weight 

and his reported drinking habits. Based on his report, each subject wos identified os to one of 

the following four categories and received the corresponding volume of vodka indicated. 

Very Light Drinker - 1 .00ml/lb body weight 

Occasional Drinker - 1 ,25ml/lb body weight 

Average Drinker - 1 .50ml/lb body weight 

Above Average Drinker - 1 .75ml/lb body weight 



TESTING PROGRAM 
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During lb* drinking period chonges were occosionolly mode in the amount of vodka given per 
subject, based upon visual evidence of intoxication, or lock of it, and on verbal reports of nausea. 

All drinks were administered by on attending physician, and the Breathalyzer measurements 
were taken by a trained operator. Calibration of the Breathalyzer wos checked after each 
session. 




V SOBER VS INTOXICATED PERFORMANCE 


A. Sober Performonce 

The overall performance of the subjects during the two training sessions Is presented in 
Figure 2. For summory purposes the mean score on the CTT of successive five trial blocks 
for all subjects and the standard deviation of the scores for eoch trial block ore presented. 

Trial blocks 9 and 10 reveal that performonce has reached or approached a * asymptote by 
the end of session 2 . A stable baseline such as this is o requirement for quantifying the 
deterioration in performance following the consumption of alcohol. 

B. Intoxi cated Performance 

Of the 76 original subjects, seven were unable to complete the test phase of the study as 
o result of illness which developed during or following the drinking session. 

Figure 3 shows the terminal performonce at the end of training and the performance of the 
remaining subjects on the 10 test trials. Here the mean score has been plotted for each 
trial. BAC levels obtained by Breatholyzer readings ranged from 0.056 to 0. 19%, with o 
mean level of 0. 11%. 

As indicated in the figure, the mean performonce of the group on the test trials is considerably 
below that of the predrink perf ormonce . 

A t- ratio for the difference between the means of the lost five training trials and the first 
five test trials was highly significant . (f*M .03, P^ 0.0005) 



Figure 2 




C. Group Comport tom 

The range of BAC levels obtained In the test session provided an opportunity to examine the 
degree of deterioration on the task os o function of various BAC levels. For this analysis the 
subjects were assigned to one of the five groups Indicated below according to the BAC level they 
reached. 



Group 1 BAC 0.05 to 0.08% N°9 

Group 2 BAC 0.081 to 0.099% N»16 

Group s BAC 0.10 to 0.1 19% N«19 

Group 4 BAC 0.120 to 0.149% N-21 

Group 5 BAC 0.150 to 0.20% N*4 

The mean decrement In CTT scores for the five groups between the last block of training Hols and 
the first block of five test Hoi* for each subject is presented )•» Figure 4, 


As indicated In Figure 4, all groups showed a deterioration In performance in the postdrirfc test 
session. The mean difference in performance between the last block of five training trfols and the 
first five postdrink trials ranged from 15,4% for the low BAC Group 1 to 48.9% for the high BAC 
Group 5, 


Figure 3 A h-ratlc for the difference between the meons of the lost five training trials and the first five 

test trials was computed for each of the five groups and Is presented In Table II. As Indicated, 
the difference in performance for each group was significant at the 5.0% level. 


D. Test Results Summary 

This $* Aon presents the experimental data tn a form that illustrates the effectiveness of the 
Crltleol Tracking Task as a potential alcohol ignition interlock device when the universal 
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threshold oppraoch Is used. In particular, the data ore analyzed by answering the two following 
questions: 



















(a) If the CTT were mechanized as on ignition interlock, and o maximum 
limit on the percentage of sober failures (false rejection rotes) that 
would be tolerated were stated, who' would be the corresponding 
intoxicated failure rate at various BAG? 

The answer to this question is given by Table III for oscending values of sober 
failure rotes ranging from 0% to 3.0%. In addition. Table III stipulates the 
answers for: 

(i) several test criteria (ratio of number of number of required successes 
to number of trials allowed) given in decreasing order of difficulty 
and involving the following: 1/1, 2/3, 1/2, ond 1/3* 

(ii) corresponding threshold values, X r * required. 

As bleated, all trial criteria and t. f conditions resulted in 100% failures for BACs equal 
to or greater than 0.15%, with decreosing intoxicoted foilure for lower BAC levels and 
lower a threshold levels. 

(b) If the CTT were mechonized os an ignition interlock, what would be the 
sober and intoxicoted failure rates for various threshold values, K r , fort 
(n the following test criteria: 1/1, 2/3, 1/2, 1/3, in decreasing 
order of difficulty? 

(ii) various blood alcohol concentrations? 

The answer to this question is given by Table IV, where the data are printed 
os o function of increasing threshold levels ( >. f s) As expected, both the sober 
ana intoxicated failure rotes decrease with decreasing criterion difficulty. 

As indicated in the tables the data presented are for experiments involving 67 sober subjects 
ond 40 subjects ot BACs ot or obove 0. 10%. 


Table III 


SOBER VS INTOXICATED FAILURE RATE SUMMARY 
FOR UNIVERSAL THRESHOLDS 



N • Ns. «f MjMtt 
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VI DISCUSSION 


Table IV 

SUBJECT FAILURE RATES FOR THE CTT 
USING UNIVERSAL THRESHOLDS 



CRITERION 

BLOOD ALCOHOL CONCENTRATION (%> J 

UNIVERSAL 

THRESHOLD 

h 

£ a 







|Xr| 


o| 








II 

0 

0.10 

8.12 

0.13 

5.14 

0.16 


1 

1 

VS 

67.5 

62.5 

68.1 

Cl. 8 

100 

3.9 

2 

3 

0 

55.0 

62.5 

75.9 

818 

too 

1 

2 

0 

45.0 

59.0 

662 

634 

109 


1 

3 

<j 

32.5 

37.5 

$8.8 

544 

100 


1 

1 

3.0 

50.0 

6S.7 

75.8 

81.8 

100 

3.9 

2 

3 

0 

55.0 

62.$ 

75.0 

81.8 

100 

1 

2 

0 

47.5 

50.0 

S8J 

634 

100 


1 

3 

0 

37.5 

41.7 

50.0 

544 

100 


1 

1 

3.0 

62.5 

68.7 

75.0 

8V8 

100 

4.0 

2 

3 

1.5 

55.0 

624 

76.0 

814 

180 

1 

2 

0 

59.9 

542 

624 

72.7 

180 


1 

3 

0 

32.5 

60.9 

562 

634 

too 


1 

1 

134 

724 

75.0 

612 

814 

100 

42 

2 

3 

4.5 

65.0 

704 

812 

904 

100 

1 

2 

3.0 

60.0 

68.7 

75.0 

814 

100 


1 

3 

0 

47.5 

582 

804 

72.7 

too 


1 

1 

104 

75.0 

792 

875 

904 

too 

4.4 

2 

3 

11.9 

67.5 

75.0 

>7.5 

98.9 

100 

1 

2 

7.5 

65.6 

75.0 

874 

904 

100 


1 

3 

3.0 

62.5 

704 

874 

90.9 

100 

NO OF SUBJECTS 


67 

40 

24 

16 

11 

4 


TU data from the present study indicate that the CTT Is a sensitive meosure for detecting 
behavioral impairment resulting from alcohol (Tables III and IV). In f.sct, the data indicate 
that intoxicated failure rates of 50% for BACs at or above C.1% and failure rotes of 75% for 
BACs at or above 0. 14% can be achieved with no sober failures. Pbrhops one of the 
greotest assets of the task is that oi ly a few parameters are involved In the test configuration, 
thus simplifying the optimization of the task and tending to minimize variability in performances. 

As mechanized in the study the task was readily ieomed, onJ most subjects approached on asymp- 
totic level of performance in the unimpaired state within a relatively short time (Figure 2). Fast 
learning of the task is expected, since the operator is olways pushed to his limit when the task is 
pursued until control is lost. 

In addition to the use of existing vehicle hardware, the mechanization of the CTT in the automo- 
bile environment appears to correlate readily with the driving task, since it resembles the rood- 
tracking portion required of driving. This is on important issue in the development of a performance 
test to be implemented os an ignition interlock system. Any such task should exercise those 
faculties that ore considered dominant in driving and therefore hove a significant correlation with 
the driving task. 

Perhaps the most significant change between the laboratory unit used in the experiments reported 
herein ond a vehicle integrated unit is the dynamic response of the Driver/CTT System. While 


the laboratory unit involved o smoll hand- contra I stick requiring only slight movements of the 


fingers and wrist, the steering wheel requires larger motions of the hand and arms, thus including 
large neuromuscular logs in the system. An additional hardware lag would undoubtedly be included 




when replacing the oscilloscope display with a meter. The net expected effect of these 
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time delays is a decrease in the critical limits ( K cf ) reached, but not necessarily a reduction 
or increase in the effectiveness of the task. Equivalent degradation in performance for the 
sober and intoxicated states would not affect the expecter 1 effectiveness of the device; however, 
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to assess the relative performance decrement on a broader based sample of subjects statistically 
representing the driving population. 
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present laws the legal criterion for impairment resulting from the consumption of alcohol is 
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a relationship between the two, there is obviously wide variability in proficiency among 
individuals both in a norimpaired state and in the degree of impairment which develops under 
the same BAC. It is the area of overlap of these two distributions of behavior at the legally 
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As a result, correlations of performance on the Critical Track'-g Task with both BAC* and driving 
proficiency will be incljded in o following program. 
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